Abstract--In Global Software Engineering Research, there have been many studies carried out from the perspective of the company who is outsourcing software development. However, very few studies focus on the companies to whom the software development is being outsourced. In this paper, we highlight India as a major outsourcing destination and present experience from companies that manage outsourced software development.. In carrying out this activity, Indian software companies have confronted various issues which are local, remote, internal and external and for which solutions have been instigated. This paper presents research carried out within Indian software companies in which we investigated issues faced when implementing global software development and the solutions used by these companies. We present these solutions so that they can be followed by other outsourcing destinations thus enabling them to operate successfully across geographical, national and international cultural boundaries.
I. INRODUCTION
Globally distributed software development (GSD) has become the norm for large sections of the software industry [1] over the last two decades and its popularity continues to increase [2] .
Consequently, software development is considered a globally sourced commodity [3] . The growth of GSD as an economic and software development strategy has been facilitated by numerous technical and commercial factors. These include the revolution in communication which has resulted from the development of the Internet, incorporating the adoption of e-mail and the availability of low cost international communication tools [4] . These developments in communications have been coupled with the availability of large numbers of qualified software engineers located in low cost economies. These engineers are capable and willing to undertake outsourced and offshored software development [5] .
The economic imperatives driving the globalisation of software development are based on capitalising on the perceived advantage of labour arbitrage between geographical locations [6] . This is coupled with the possibility of implementing 'follow the sun' strategies [7] . This approach offers the opportunity for continuous software development by leveraging temporal differences between development locations [8] . An additional consideration is that GSD allows companies to establish close to emerging markets and thereby positioning the organisation to capitalise on their future growth.
In the 1990's, the three I's (Ireland, India and Israel) emerged as principal locations for significant GSD to take place [9] . More recently, we have seen the emergence of additional countries in Eastern Europe, Latin America and the Far East as popular locations for offshoring and outsourcing software development [10] . These countries include China, Malaysia, Czech Republic, Singapore, Brazil, Philippines, Chile, Poland, Hungry, Russia and Vietnam. After the end of the software boom of the late nineties both Israel and Ireland have seen their popularity as locations for offshoring and outsourcing software development decrease. By 2004 the Offshore Location Attractiveness Index [11] listed Ireland and Israel as the third and second last from the bottom respectively. While both countries have continued to experience economic success the focus of their respective software industries have changed from being low cost software development centers to knowledge based and niche centric to capitalize on their particular strengths [6] . In contrast, over the last twenty years, India has developed from being a relatively poor and traditional country into an economic and technology driven power house [6] .
While the popularity of Ireland and Israel has waned over recent years the third member of the three I's group India has seen its role in offshoring and outsourcing expand and flourish. India continues to be the undisputed most popular location for outsourcing and offshoring software development [10] [12] . This phenomenal success which India has achieved over the last twenty years is mirrored in the emergence of indigenous organisations like Infosys Technologies, Wipro and Tata Consultancy Services. These organisations are now considered world leaders in the software industry in their particular fields. The success of the Indian software industry has also seen the reversal of what was termed the 'brain drain' where India was losing its educated workforce to Western countries and particularly to the United States. Today that trend is in the opposite direction and Indian professionals who have been educated and/or trained abroad are returning home in large numbers to avail of the numerous opportunities which the Indian software industry provides [13] . While India's economic success is recognized around the world today from the Western perspective the nation is often perceived as a homogonous society. This view is reinforced by the media who frequently portray India in a stereotypical fashion. The reality is quite different. India is a large and diverse nation which is often referred to as the 'Subcontinent' because of it size. It is made up of 28 States, has 22 recognised languages and has many religious and culturally diverse groups. Its major religions include the Hinduism, Islam, Christianity, Sikhism, Buddhism, Jainism faiths. The Indian nation has successfully accommodated diversity and is the largest democracy in the world [14] (based on population).
It is of interest to note India's linguistic, cultural, and genetic diversity is only exceeded by that of the continent of Africa [15] . As a result it is not surprising to discover that the Indian software industry reflects the nation's cultural, religious and linguistic diversity.
II. RESEARCH BACKGROUND
Our research within the Global Software Development (GSD) research area with Lero-The Irish Software Engineering Research Centre has allowed us to carry out studies on GSD. However, like previous researchers, we have had a focus on the company who is outsourcing the software development. One of the authors has worked in the Indian software industry for several years and was therefore interested in carrying out research from the outsourcing destination perspective. Therefore, we chose the Indian software industry as our basis for this study.
The research work has focused on the issues of Culture, Communication, Coordination and Control. We have also suggested concrete solutions to manage issues that arise at the outsourcing destination.
III. RESEARCH METHODOLOGY
For this study, we selected a qualitative research methodology, in which we studied smaller but focused samples rather than large random samples. We approached multinational and national companies listed in Table 1 . Four multinational, one national and one small first generation Software Company allowed us to conduct interviews. We interviewed 14 people in roles ranging from Junior Software Engineers to Vice President (Software Projects). In this paper we use pseudonyms for the participating companies.
We were interested in studying four topics from the insourcing perspective: 1) Key ingredients required for successful operation of global teams.
2) Most popular tools used for communication.
3) How remote contacts are managed. 4) Cultural diversity.
Our interviews were based on the following hypotheses: This was followed up with on-site interviews in India, probing further into issues which were raised during the initial interviews. These included: 1) How is level of attrition managed? 2) Is the Indian dialect understood by clients and customers?
Both telephone and face-to-face interviews were conducted for more than 90 minutes and was recorded with the interviewee's permission. The participants freely narrated and shared their experiences with us while also presenting ideas and suggestions. Following transcription, the interviews were analysed using factual coding, open coding, axial coding, and selective coding which is used in the grounded theory approach [16] . This facilitated the identification of thoughts, ideas and concepts. The interviews provided helpful focus on the issues which we were trying to research.
IV. PROFILES OF THE ORGANISATIONS AND INDIVIDUALS INTERVIEWED

A. SysInfo Technologies Ltd.
SysInfo Technologies Ltd. is a global leader in the "next generation" of information technology and consulting. The company defines, designs and delivers technologyenabled business solutions to many top companies and also provides a complete range of services by leveraging domain and business expertise and strategic alliances with leading technology providers. Their services include business and technology consulting, application services, systems integration, product engineering, custom software development, maintenance, re-engineering and business process outsourcing. SysInfo has over 40 offices and development centers in India and internationally with over 100,000 employees. We interviewed 2 Senior Software Engineers and a Junior Software Engineer from this organisation.
B. Dream Moon Software
Dream Moon Software is one of India's top twenty software companies. It was established over twenty years ago and its focus is software development. It has made a substantial contribution to the knowledge economy of the global financial services market. It has built expertise on Investment Banking, Retail Banking, Credit Cards, Corporate Banking and Life Insurance. Its corporate headquarters is in India and it has 14 worldwide offices with more than 110,000 employees internationally.
We interviewed both the Vice-President and Assistant VicePresident (Financial Software Projects), two Senior Project Managers and a Junior Software Engineer. One of the Senior Project Managers and Junior Software Engineer were females.
C. Mega Technology Software
Mega Technology Software is a joint venture between an Indian company and large U.K. corporate groups. Its 
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Software development, maintenance, & reengineering, quality assurance and testing, technical writing, customer support, etc.
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D. Cyber Epoch India Ltd.
This is an offshore software services company based in India which has CMMI level 5 and ISO 27001 certification. The services offered by Cyber Epoch include software development, software maintenance, software reengineering, quality assurance and testing, technical writing, customer support and establishing dedicated offshore software development centers. It is ranked among the top 20 best employers in India (by Data Quest, December 2007). Recently, in December 2007, Cyber Epoch was ranked 12th Best Employer in the country. The business opportunity taken up by this company is that it provides flexible options to its clients to start and establish a successful relationship that helps them take maximum advantage of offshore development economics. Their offshore model is suitable to all kind of customer requirements, be it reducing the risk of developing a new product, quickly ramping up the team to handle the increased work load, round the clock working to reach the milestone quickly, assembling high-end and newer technology teams, reducing the cost of development or acquiring a complete technology partner. We interviewed a Software Engineer who was female from this organisation.
E. FJ Software
FJ Software is a leading provider of IT-based business solutions for the global marketplace. They are the leading provider of customer-focused information technology and communications solutions for the global marketplace and also the world's fourth-largest provider of IT services. They employ over 160,000 employees supporting customers in 70 countries. They have a global base, particularly in the development of computing and communications products and advanced microelectronics. We interviewed 1 Senior and 1 Junior Software Engineer in FJ Software.
F. Vision India Software
Vision India Software is a small first generation Indian software company mostly handling small projects in various sectors. This company is owned by two partners. The number of employees ranges from 25-30. We interviewed a female Project Manager from this company who is female.
V. ANALYSIS OF RESULTS
Our GSD research work has focused on the Indian software industry in an attempt to understand the issues faced when managing outsourcing. We present these issues under the headings of Culture, Communication, Coordination and Control and discuss how these are managed within the Indian companies.
A. Culture
Culture can be defined as the integrated pattern of human knowledge, belief, and behavior that depends upon the capacity for learning and transmitting knowledge to succeeding generations [17] . Cultural issues in case of India need to be discussed under two headings: National culture and International or Western culture. From the GSD perspective, this is important as the Indian Project Manager in the outsourcing group has to establish, manage and coordinate a culturally and linguistically diverse group into an operational team [18] .
1) National Culture
India is a country with a population of more than a billion people. This results in a diverse culture where people speak different languages follow a variety of religions such as Hinduism, Islamic, Sikhism, Buddhism, Christianity, Jainism, Zoroastrianism within which there is a complex caste and sub-caste system. Every individual embraces beliefs and misbelieves within their own religion.
Indian Software professionals travel throughout the country and world to pursue their career. They speak languages in different accents and dialect coming from diverse religious cultural background. It is interesting to see how the software companies in India have taken advantage of this cultural diversity. Circumstances may be that all team members are of different cultural and religious backgrounds. In the questionnaire the participants had to rate on a scale of 1 to 8 "Is the cultural background taken into consideration while selecting the team members". We observed that Professional Skills and Technical Ability of the team members are much more important than the cultural background which is never taken into consideration. Chart 1 gives an overview of the Selection Criteria used by project managers. In fact, during our interviews we were informed that Project Managers leverage the available cultural diversity among team members. "The cultural differences are transformed into strengths by establishing "Backup Teams" for various circumstances". These backup teams are used to ensure that 24/7 support is provided.. During the interviews we asked the ratio of the backup teams to the full team size and it was suggested that at least ten percent of the team members should be available to form backup teams. A typical example for backup support is based on religious festivals. Various Indian states celebrate regional festivals at different times during the year. The customers in western countries may not be aware of this festive period. However, teams at the outsourced destination have to carry out work as per the project plan. The backup teams provide support in these situations as many software companies have their development teams spread in various part of the country. If the development teams in Mumbai and Pune are enjoying festive holidays then teams located in different states and cities such as Hyderabad or Bangalore take the responsibility for satisfying the customer requirements. This in turn is reciprocated by the development teams either in Mumbai or Pune when Hyderabad or Bangalore team members get festival time off. On the other hand for example when Hindus are celebrating their festivals, other team members with different religious background provide support to carry out the work 24/7 round the year.
When there are national holidays in India such as Republic Day and Independence Day or festivals like Diwali, the teams located in different part of the world for instance Japan, Malaysia, South Korea, UK, Mexico and US are often given the responsibility to complete the task.
Chart 1: Selection Criteria Used by Project Manager
2) International Culture
The western culture is different in many aspects when compared to the Indian culture. Being educated in the cultural knowledge and religious values of customers and geographically located team members is very important for the software team members based in India as this helps them to interpret the behavior and develop respect for each other and thus create a required level of understanding. Geert Hofstede's [19] [20] research gives insight to national cultures for effective interaction with people from different countries.
If this research information is understood and applied appropriately it should help reduce the level of frustration, anxiety, and concern among team members.
Many Indian companies use an 'Onsite Coordinator'. This person, usually an experienced Indian analyst and project manager who is stationed at the client site for an extended period [21] , is the liaison who helps to plan and coordinate the work between different geographical locations.
To overcome the international cultural and related issues in the Indian software companies, other initiatives have been implemented. The Vice-President of Dream Moon Software discussed the Corporate University for training employees in cultural understanding, appropriate conduct and to provide employees with the techniques to avoid the consequences related to cultural differences and other matters. This university also educates employees in the English language, its use and accent, communication style and issues. This was acknowledged by the Chief Consultant from Mega Technology Software by stating-'hiring of experts from national and international levels to educate their employees in these areas'. This is a common procedure followed by almost all software companies in India, helping them to overcome international cultural issues resulting in successful operation of the teams at various locations.
3) Gender Issues
India is perceived as a traditional, orthodox and conservative country. Previous research carried out by our group [22] indicated that gender issues should be considered when carrying out GSD research. Therefore, a special mention in the questionnaire was about the gender of the team members if it was considered while selecting the team members. A common answer was NO! Infact having female team members is considered an advantage. The feedback received was that female team members are trust worthy and they are good to complete deliverables. It was mentioned that female team members finish the allocated work within a stipulated time frame and they were also judged to be good in time management and multitasking. The NASSCOM 2007 [23] survey report states that today 30% of workforce in Indian software industry is females and is expected to rise upto 45% by 2010.
B. Communication
Communication is a process by which information is exchanged between individuals through a common system of symbols, signs, or behavior. In the software industry communication is a very important aspect as it can make or break a project. Communication can be formal and informal, vertical and horizontal, synchronous and asynchronous and occurs in collocated and geographically distributed teams. In Indian software companies English is formal language and the use of other languages is mostly for informal communication. Interview participants indicated that English proficiency was one of the selection criteria of team members "Importance and knowledge of English language among team members for Communication" and that the reason for this is 'for good and fluent communication also to satisfy project needs'.
To support communication, various tools and models are setup in all these companies researched. The most popular tool for communication is rated as Telephone and E-mails (Chart 2) as they are instant, quick and easy to use. Apprehension was raised regarding these tools as there is a 'need to be online or stay connected every time'. We Selection Criteria discussed about the experience with these tools and a serious matter was raised; "after every telephonic discussion with either the clients or distributed team members, there is a turnaround time; as the telephonic discussion has to be put in black & white and counter checked by emails to proceed further". This is a matter of vital concern as it in-turn can lead to delays in the project by a day or more. Therefore, measures need to be taken to avoid a long turnaround time. Other communication tools
C. Coordination
Coordination is the act of making different people or things work together for attaining common goals. In particular, when the software development teams are distributed and geographically located, there is need of continuous coordination. Some of the Indian software companies have resolved coordination issue by implementing a few distinct techniques. Team members are placed on site to take care of the daily activities. In Infosys they are called as "Onsite Coordinators (OC's)" [21] . One of our respondents termed them as "Bridgers". This role helps to create a means of communication or understanding between people and can also a means of reconciling their differences. Team members are frequently rotated among geographies so that they know their other team members with whom they communicate daily. Project Managers interviewed believe that socializing, getting the chance to see each other's work environment and communicating directly are ingredients of a lasting partnership which helps team members to coordinate effortlessly. Companies also implement a special tracking system and team members are allocated the responsibility of keeping track of the work at various geographies. Time Zone differences are managed by "hand-on and Shake-off sessions". For example, in FJ Software, one hour before the onsite team in Tokyo ends their working day, the team in Singapore takes on so that there is one hour common within them to "hand on tasks and shake off their hands" for the day. This process is followed between other teams throughout the day. In companies in India, we found that there is an '8 hour shifts' work culture among team members to cover 24 hours in a day. This, in turn, gives 24/7 support 365 days a year providing an advantage of working in different time zones with more time availability. Infosys has designed and implemented the Global Delivery Model (GDM) to address the needs of distance which have not been addressed by the Capability Maturity Model -this model encompasses the concepts of task allocation, project structure and governance [21] .
D. Control
Control is a continuous management process embedded in each level of organisational hierarchy. It is closely linked with planning for achieving organisational activities. From our respondent's perspective, to gain and maintain control on the software project, they implemented various pioneering and revolutionary ideas. Senior Respondents from all these organisations mentioned that strategic issues are resolved by taking into consideration questions such as when, whom, how and what that arise in strategy management. A vision statement is established which includes the implicit requirements of organisation and customer which is converted into objectives that can be tracked and measured. Objectives are then converted into specific deliverables. In all these organisations, a communication model is implemented which defines the communication protocol with a view to avoiding communication pitfalls. This protocol is used by every team member in the communication network. Team building exercises are conducted with the support of inhouse or hired experts and efforts are taken to develop team spirit to avoid ego problems and manage conflicts among teams and team members. Care is taken to ensure that personal problems do not adversely influence individual performance nor impact the project. Awareness of the project and other related factors is created amongst the teams and team members at the beginning of the project. Attempts are made to understand the customer requirements before selecting the team members. If possible, their aptitude, skills and interest are accounted for when allocating tasks so that the team members enjoy their work. This helps companies avoid high level of attrition that exist in the Indian software industry. Regular task rotation is considered and implemented where possible as an effort to avoid boredom and the monotonous routine of work. An advantage of this is that it gives the team members an opportunity to learn and gain knowledge and enhance their skill sets.
VI. IMPLEMENTNG SOLUTIONS
As we carried out our research we discovered issues which were faced by project managers at outsourcing destination. In addition, we discovered various solutions which were implemented in the companies to overcome these issues. This section discusses solutions noted and the implementing strategy to how they may be used to help other project managers to execute successful outsourced GSD.
A. Establish "Backup Teams"
Establishing 'Backup teams' can help organizations to cope with superfluous situations that arise at all outsourcing destinations. They help to give support 24/7 all round the year and avoid any complex situations where, in particular, religious or national holidays do not coincide with western locations. It is suggested that at least ten percent of the team members should be available to establish backup teams and that such teams should be established both at national and international level. However, this brings another issue into play: proper planning need be done while establishing such teams. These require efficient communication and coordination techniques. The project manager must coordinate and manage all activities efficiently.
B. Leverage cultural diversity and manage cultural training
Where cultural diversity exists among collocated or geographically located team members, it should be considered an advantage. It can be transformed into strength by establishing backup teams to overcome various situations. In particular, we have noted that 1) Varying cultures and festive calendars at national and international level need to be taken into consideration to help and plan software projects. 2) Orientation courses should be carried out for team members to ensure that team members are aware of cultural diversity. 3) Team members should be encouraged to visit clients or associates located in different countries so that those in distributed locations get to know each other.
Indeed, this is the case in setting up project teams in western cultures -what is important to recognize is that each group involved in the GSD divide need training to bring them closer together. Gaining knowledge about national culture and the religious values of customers and geographically located team members is very significant for the software team members as this helps them to interpret and understand the behaviours, develop respect for each other and also create a level of understanding. If this is understood and applied properly, it should help reduce level of frustration, anxiety, and concern.
C. Create Communication Protocol
A communication protocol is a pre-defined model that defines the horizontal and vertical channels of communication amongst team members and teams either collocated or located at the various geographies. It is essential that such a protocol is available to team members. It should be clear and unambiguous. Again, this is something that is recognized when discussing western software development teams [22] . Use of specific tools amongst team members and its frequency should be predefined for smooth communication and avoid the unrequired tools.
D. Reduce Turn Around time
Turn around time is the time that exists after communication between the client and team members. After every telephone conversation details are normally written down, e-mailed between participants and verified. At this stage team members can proceed further with project development. We noted that this is the biggest issue faced by project managers while dealing with teams at different geographies and with clients who are located in different parts of the world. If turn around time could be reduced, then the delays in the project would be less. Means of reducing this time is essential for project planning and completion.
E. Implement Tracking Systems
A tracking system is a technique used to trace daily functioning as well as the overall performance of the teams and team members both at distributed locations. Senior team members apart from the Project Manager can be allotted this responsibility to keep track of the work at various locations. This, in turn, will help to manage day to day activities of the teams efficiently and keep check on any events which may cause project over-runs.
F. Design Vision Statement
A vision statement should be designed. It is a document that should clearly mention: 1) Organization requirements from the teams and the team members. 2) Definition of customer expectation from the insourcing organisation. 3) Implicit requirements of organisation and customer.
Designing a vision statement is important because it helps in resolving strategic issues by taking into consideration questions such as when, whom, how and what that arise in strategy management. The vision statement should be converted into objectives that can be tracked and measured. Objectives at later stages of the project need to be then converted into specific deliverables.
G. Manage Hand-on and Shake-off Sessions effectively
Hand-on and shake-off sessions should be effectively implemented and managed to take advantage of the common times available for teams located within different time zones. The overlapping sessions should be before the previous teams leave work, giving time for a team to handon their task to the next team and shake-off for the day. Managing these sessions effectively is significant because it helps to provide 24/7 support all round the year. 1) There should be at least one hour overlapping session between two teams in different time zone.
2) Discussion about what is done by the previous team
and what needs to carried on by the next team should occur. 3) Clear agenda for these sessions should be defined.
VII. CONCLUSION
Through direct access within Indian companies we were able to study global software from a different perspectivethat of the Indian Project Manager. In our research they discussed the issues they and their teams experience when managing outsourced software development and we discussed each of these under the four headings of culture, communication, coordination and control. We believe that for the outsourcing-insourcing relationship to work effectively, it is important to understand the issues faced by those in all distributed locations. To do this, there is a need to study those who are outsourcing. Given this perspective, the research we present here is of value to both to academic and industrial communities and the solutions presented should help global software development teams to work more efficiently.
We envisage that the results from this study will be triangulated with a case study undertaken with Malaysian GSD teams [24] [25] . The objective of this study will be to ensure that this work has a broader Far Eastern perspective. We will also contrast this outcome with prior research in Lero which investigated software development being outsourced in Ireland [26] .
